Introduction
Corruption is arguably a major problem in developing and some of the developed countries. It not only imposes a tax on public services and private sector activities, but also creates potentially severe efficiency loses for the economy in general (Krueger, 1974; Shleifer & Vishny, 1993) . In addition, corruption is a multifold phenomenon that encompasses different kinds of relationships in a number of spheres, including legislation, policy implementation, law enforcement, etc.
Corruption is an intrinsically latent phenomenon, therefore in order to measure it one has to use indirect data sources. Current measurements of corruption are based on two types of data --expert and public opinion surveys --that both have certain flaws and biases. First, people can misreport their true beliefs about their personal experience or perception of corruption. This can be especially common for non-democratic regimes, where respondents may falsify their preferences (Kuran, 1995) and dissemble the truth because of being afraid of the possible punishment from the government (Philp, 2006) . But even in democratic regimes some rate of misreport can be due to social desirability bias preventing respondent to freely acknowledge the fact of having been involved in corruption. Second, in different cultural contexts, people can have distinct perceptions of what corruption is. As a result, the embezzlement of public funds can provoke a tremendous public scandal in one country, but be considered a daily and even socially acceptable routine in another (Smith, 2015) . Finally, individual perceptions of the level of corruption can be fallacious, because of the lack of specialized or complete knowledge of the ways politics in done.
Due to the pitfalls of different types of data and the absence of an ideal indicator of corruption, both the academic community and non-government organizations have proposed various indices that differ in terms of their methodology, data and coverage. Unsurprisingly, these indices can produce dissimilar estimates of the level of corruption in a given country depending on the sources of the data and the methods used for their aggregation. As an example, we show in However, the dynamics of corruption is also dissimilar, which opens the question about which index provides a better and more accurate representation of the situation with corruption in the country, which is a question about measurement validity Although validity has for a long time been a big concern among psychologists and has recently attained attention in the political science community, there is scarce systematic research on the validity of corruption indices. Wilhelm (2002) is one of the first seminal papers solely aimed at analyzing construct validity of corruption indices. Even though Wilhelm (2002) presents clear methodology for analyzing construct validity using indices of activity on the black market and excessive regulation, the use of these variables limits construct validity research, since these variables represent only small part of corruption activity that indices claim to measure. Ko & Samajdar (2010) present the next systematic and comprehensive analysis of several corruption indices that is of big interest for scholarly research. However, the paper uses only correlation analysis, which is not enough for the validity estimation (Cronbach & Meehl, 1955) . Nisnevich & Stukal (2012) deal with this problem using wide range of statistical methods, although they use only three indices of corruption. In comparison to previous research in this field, our paper presents comprehensive research that involves wide range of corruption indices under analysis and statistical methods to test their construct validity.
In this paper, we estimate construct validity of the most widely used indices of In order to measure the validity of the corruption indices, we implement partial correlation analysis, principal component analysis, factor and regression analysis. In this paper we show that Corruption Index of the International Country Risk Guide and Absence of Corruption Index are not constructively valid and, therefore, are not suitable for the use in scholarly research. We also show that all indices provide poor estimates of a corruption level in the highly corrupted group of countries. On the basis of our analysis, we can say that in a research one may use CPI and WGI in the lowly corrupted groups, and with some caution in the highly corrupted groups.
The rest of the paper is organized as follows. First, we discuss the notion of corruption and provide some history of the measurements of corruption. Then we discuss the methodology of indices in detail to identify strong and weak sides of the indices before we start analyzing it quantitatively. Next, we discuss our validation methodology and justify our methodology; afterwards we examine the specifics of our data. Finally, we conduct analysis and discuss our results.
Corruption: Theory and Measurement

History of corruption estimation
In 1984, Political Risk Services Group was the first organization to present systematic cross-country measurements of the level of corruption in International Country Risk Guide (ICRG) across 146 countries. Next, since 1989, International Institute for Management Development (IMD) has been doing the world competitiveness report, in which IMD estimated competitiveness using multiple measurements of the business activity and quality of government, the latter included estimates of the level of corruption. In 1995 and 1996, Transparency International and World Bank respectively began to estimate the level of corruption almost all over the world. Finally, the World Justice Project was the latest project to estimate the level of corruption across multiple countries since 2010.
A short overview of the methodologies of the indices and their pitfalls.
Before we start to implement a quantitative analysis of the construct validity of indices, it seems reasonable first to look at the indices themselves and to figure out what aspects of corruption they are intended to measure and how indices are constructed. Unfortunately, it is not feasible to do for all of the indices we are working with, since for the corruption index (ICRG) methodological description is not available for free use.
The Corruption Index (International Country Risk Guide)
Since 1984 one of the first sources of corruption level estimation, International Country Risk Guide, has been presenting data on the financial, economic, and political risks across Galtung (2005) notes that the index developers base the estimation of the level of corruption using the data on the longevity of the rule and the way a government came to power.
Here, the theoretical mechanism is the following: the longer the government stays in power, the higher is the chance of the presence and abundance of the patronage, nepotism and other corrupt activities that ICRG uses for the index construction. Williams & Siddique (2008) UCM models each of six governance indicators in the following way: However, this model has some disadvantages that come from the strictness of its assumptions. First, model assumes zero covariation of errors across countries and data sources.
Second, model assumes linear association between latent governance (in this case level of corruption) and data sources.
To identify the next assumption, we need first to consider the classical linear model that we present in (2) .
In this model,
, i.e. beta represents normalized covariation between the y and g. In addition, in this model
In order to obtain unbiased estimation of model parameters, these assumptions should hold.
Now, go back to the model (1). Here,
. Therefore, in the UCM model a strict assumption should hold that b =
, which is difficult to guarantee. If this assumption does not hold, then the estimates of the level of corruption can be biased.
We have shown that unobserved components model has several strict assumptions that sometimes can be challenging to guarantee. This implies some weakness of the model World Justice Project calculates its measure of corruption using both expert and public opinion surveys. Public opinion surveys acquire information about people's perceptions and experience of corruption, openness and accountability of the government, and the extent to which society is exposed to the common crimes. World Justice Project conducts public opinion survey only in three biggest cities in a country. However, the level of corruption, as well as public perceptions about the existence of corruption, may considerably vary across cities with different sizes. Consequently, one can suggest the existence of the selection bias in the data on the level of corruption in this index.
In the expert survey respondents are the experts in one of the following spheres: civil and commercial law, criminal justice, labor law, and public health. Respondents should be either law professors, or practicing attorneys with substantial experience in at least one of four spheres. The methodology of the index is quite straightforward -it is an average of all questions in the survey, where the answers on these questions can be either 1, or 0.
Unfortunately, the country range for this index is restricted to 35 countries in 2010, and to 65 in 2012, which introduces the biggest share of the missing observations in our data.
Data and Methodology
Methodology
In this paper we analyze validity of the existent indices of corruption. In social sciences, there are four basic types of validity: It seems to be impossible to empirically test for concurrent and predictive validity, for these types of validity assume existence of the initially valid indicator that is absent in corruption studies. Content validity is difficult to test, since it requires a developed theory of corruption that is absent in political science. Finally, construct validity almost does not impose severe requirements that make this type of validity feasible to test; therefore, in this paper we estimate construct validity and reliability of the most popular indices of corruption.
In order to test construct validity of the corruption indices and make well-founded judgment about the validity of the indices, we apply several statistical methods to the corruption data. In addition, we also test reliability of the corruption indices. High reliability of the index means that the variance of its stochastic component is low enough to make precise conclusion about the level of corruption. In order to understand how big are the errors of the indices, we use confirmatory factor analysis. In this case, we treat the level of corruption as a latent variable that explains some of the variation in the index of corruption. The bigger the share of the variance of the latent variable is in the variance of the index, and the smaller is its error, the more reliable is the index of corruption. Analytically, this idea may be presented in the following way: 
Data
In the research we use the following widely used indices of corruption: Table 1 presents the description of the data. For the sake of comparability across different indices, we rescaled all indices of corruption making them vary from 0 to 1, where 0 indicates the complete absence of corruption, and 1 refers to the absolutely high level of corruption. 
Results
Partial Correlation Analysis
Partial correlation coefficient of the first order represents the correlation coefficient of two variables, while controlling for the effect of the third variable on both of the variables.
Substantially this means that we take away the intermediate effect of the control variable from
the correlation between the other two. In terms of corruption, we assume that if control variable provides a valid and comprehensive measurement of corruption, then controlling for its effect on the other two variables will leave no substantial information in these variables, therefore we expect partial correlation coefficients to be close to zero.
The main advantage of this method is that it does not impose strict assumptions on the number of observations, which makes it possible to use all variables in the analysis. Table 2 presents results of the partial correlation analysis. The partial correlation coefficient of CPI and WGI controlling for the effect of BI is quite high (0.81). Since BI mostly represents the level of bribery that is only one part of corruption activity, this result speaks in favor of the construct validity of CPI and WGI, for these indices reflect the broader range of corruption activities.
Next, if we look at the partial correlation coefficient of WGI and BI controlling for the effect of CPI (R = 0.00) and the partial correlation coefficient of CPI and BI controlling for the effect of WGI (R = 0.57), we may say that CPI captures more aspects of corruption than WGI does, since deletion the intermediate effect of CPI leaves no correlation in the indices. However, this effect does not hold if we look at the significant partial correlation coefficient of WGI and WJP controlling for the effect of CPI (R = 0.44), and insignificant partial correlation coefficient of CPI and WJP controlling for the effect of WGI (R = -0.12). In this particular case, WGI captures wider range of corruption activities than CPI, which implies that WGI is more constructively valid than CPI. These quite contradictory results force us to further scrutinize the validity of CPI and WGI. and WGI, which in turn means that either they capture only some limited number of corruption activities or they measure some other latent variable; both possibilities imply construct invalidity.
In 
Principal Component Analysis
In this section, we use principal component analysis which confirms the conclusion about low construct validity of the indicator. Implementation of PCA in two groups of countries provides us with interesting results. In highly corrupted group of countries, the first principal component explains 67% of total variation, whereas the second principal component explains -17%, and the third -11%.
Consequently, the set of four indices of corruption constitutes rather three-dimensional space, In lowly corrupted group of countries, the first principal component explains 91% of total variation, whereas the second principal component merely accounts for 7%. For lowly corrupted group of countries, correlation coefficients with principal component are much higher than for highly corrupted group (see Table 3 ).
Such result shows us that indices have lower performance in the highly corrupted countries indicating that indices fail to capture some corruption activities that may be present only in the highly corrupted countries. This bias may also come from the subjectivity of the experts that take part in the surveys. Summing up, in this section we showed that indices of corruption performed well in the countries with low levels of corruption and poorly in the countries with high level of corruption.
Factor Analysis
In the next step of the analysis, we consider corruption as a latent variable that forms the indices of corruption, and analyze it using the factor analysis.
The classical factor analysis provides a researcher with unbiased results conditional only on the presence of multidimensional normality in the data. However, on Figure 2 we can see that there is significant skewness in the data (CPI, WGI, and ICRG) and two-peak distribution (BI and WJP) that violates the assumption of multidimensional normality of the data. Therefore, in order to obtain correct estimates for standard deviation and χ2 statistics, we use in the analysis robust maximum likelihood estimation and Satorra-Bentler χ2 statistics. The results obtained in CFA show that BI estimates cover the overall corruption more comprehensively than ICRG. On Figure 4 Graph 1 we can see that relationship of CPI and WGI is very close to the theoretical one (the dashed line on the graph). Still, CPI slightly understates the estimates of corruption compared to WGI. In addition, we can see that the distance from the theoretical relationship and estimated one is slightly different across different levels of corruption. When corruption level is close to zero the distance from the theoretical and estimated lines converges to zero and the level of corruption is smaller than 0.20 this distance somewhat increases, but still stays close to zero. On the contrary, once the level of corruption increases, the distance between theoretical and estimated line are evidently non-zero. However, it worth mentioning that in the but significant enough to be cautious about their performance across different groups of countries.
Graph 2 and 3 presents that CPI and especially WGI understate the estimates of corruption compared to BI. In case of WGI, this underestimation is slightly bigger and it increases in the group of highly corrupted countries. From these graphs we can see even more sizeable differences in the distance between theoretical and empirical relationship of indices across different corruption levels. For example, on Graph 3 we can see that only when the level of corruption is very close to zero, the difference between two lines is small, but once we move to the highly corrupted groups of countries this difference increases up to 0.3 units on the 0-1 scale. These results may speak in favor poor performance of BI in the measurement of the level of corruption across different countries. We also can see that the differences between theoretical and empirical relationships across different corruption levels are bigger in case of WGI,
implying that compared to CPI, WGI performs poorer.
In the next step of the regression analysis, we estimate regression with interaction term. If indices are constructively valid, then the functional relationship and the slope of the regression line should stay the same across groups with low and high level of corruption.
To test the difference in the functional relationship of the indices across different types of countries, we estimate models where the dependent variable is a corruption index. In this model, the independent variables are another index of corruption and a dummy variable that takes value 1 for the groups of countries with the high level of corruption, and 0 -otherwise. Also we include an interaction term between the index of corruption and the dummy variable in the model to see whether the effect of the independent variable differs across highly and lowly corrupted countries. This would allow us to make conclusions about the validity of the indices across different groups of countries, i.e. the insignificance of the interaction term will be an evidence for the construct validity, since, theoretically, indices should perform equally across different groups of countries. In addition, we intentionally do not add any additional variables as GDP per capita, democracy index, or inflation rate in our regression models to see how these variables affect the corruption indices, since such a model with these variables would suffer from huge endogeneity problems that make any regression coefficient useless and not interpretable. The results of the first regression model (see Table 4 The difference in functional relationship is statistically insignificant for the models (2) and (3) in Table 4 that can be explained by the fact that both World Bank and Transparency
International use BI as one of the sources of information. We present graphical representation of the result in Figure 5 . However, we also showed that almost all indices have good performance on the lowly corrupted group of countries, whereas their performance on the highly corrupted groups was not acceptable. We showed that the most widely used indices in the academic research, Corruption
Perceptions Index and Control of Corruption Index, tend to estimate the level of corruption in highly corrupted groups of countries in different ways. For instance, compared to Corruption
Perceptions Index, Control of Corruption Index by World Governance Indicators tends to systematically underestimate the level of corruption. If two indices were perfectly constructively valid, we would never found such statistically significant differences. Unfortunately, on the basis of the test presented in this paper, we cannot say which of these two indices performs better, therefore we can only caution against their use in the countries with abundant corruption.
This conclusion implies that indices of corruption should be reconsidered in a way to make them better estimate the level of corruption in the countries where corruption is ample.
Further research in this area may be aimed at distinguishing the possible ways of the amelioration of the measurements of corruption in highly corrupted countries. Perhaps one may test whether one can adjust different surveys to lowly corrupted groups of countries in such a way that they would provide deeper understanding of corruption processes in these countries.
The methodology of the validity evaluation presented in this paper is universal in a sense that it can be used for other social science concepts, such as the level of democracy, rule of law, and other concepts of the quality of government.
